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In this paper we proposed a solution to the longstanding problem of the CGC/saturation approach:
the power-like fall of the scattering amplitudes at large b. This decrease leads to the violation of
the Froissart theorem and makes the approach theoretically inconsistent. We showed in the paper
that sum of the pion loops results in the exponential fall of the scattering amplitude at large impact
parameters and in the restoration of the Froissart theorem.
I. INTRODUCTION
It is well known that perturbative QCD suffers fundamental problem: the scattering amplitude falls down at large
impact parameters (b) as a power of b. In particular the CGC/saturation approach[1], which is based on perturbative
QCD, faces this problem. Such a power-like decrease leads to the violation[2, 3] of the Froissart theorem[4]. The
violation of the Froissart theorem stems from the growth of the radius of interaction as a power of the energy; and
can be fixed by introducing a new dimensional scale in addition to the saturation momentum. Since even a power-like
decrease provides the small values of the amplitudes at large b , in the framework of the CGC/saturation approach
we need to fix the large b behaviour in the BFKL evolution equation[5, 6]. Therefore, we have to introduce two
dimensional scales in the CGC/saturation approach: the saturation momentum, that is originated by the interactions
of the BFKL Pomerons; and the new scale of the non-perturbative source that provides the exponential decrease of
the BFKL Pomeron at large b.
The problem of large b behaviour of the BFKL Pomeron has not been solved in spite of the numerous attempts
based both on analytical and numerical calculations, to approach it [3, 7–17]. We need to find the sincere theoretical
way to introduce the second dimensional scale. The proof of the Froissart theorem indicates that the exponential fall
down at large b is closely related to the contribution of the exchange of two lightest hadrons: pion, in t-channel (see
Fig. 1).
FIG. 1: The exchange of two pions that gives the main contribution to the large b behaviour of the scattering amplitude[4].
In this paper we propose the theoretical approach which based on the assumption that the BFKL Pomeron, being
perturbative in nature, takes into account rather short distances (say of the order of 1/mG, where mG is the mass of
the lightest glueball); and the long distance contribution can be described by the exchange of pions (1/2µ ≫ 1/mG,
where µ is the pion mass). We modify the BFKL Pomeron by including the pions loops shown in Fig. 2 and show
that the resulting Pomeron leads to an exponentially small scattering amplitude at large b. Such behaviour of the
scattering amplitude heals all difficulties of the perturbative approach including the violation of the Froissart theorem.
∗Electronic address: leving@post.tau.ac.il, eugeny.levin@usm.cl
2II. THE BFKL POMERON
In this section we are going to describe that main features of the BFKL Pomeron which we will need below. All
these features are known and can be found in Refs.[5, 6, 18]. We include them for the sake of completeness and of
clarification of notations. Let us consider the scattering amplitude of two dipoles with sizes r1 and r2 at high energy
s( Y = ln s). The Green’s function of the BFKL Pomeron to the scattering amplitude at fixed momentum transferred
along the Pomeron:QT takes the following form[18]
ImGIP
(
Y, t = −Q2T ; r1, r2
)
= r1 r2
∫ ǫ+i∞
ǫ−i∞
dω
2πi
eω Y GIP (ω,QT ; r1, r2) (1)
The integration contour is situated to the right of all singularities of GIP in ω. Function GIP (ω,QT ; r1, r2) has been
found in Ref.[18] and takes the following form (see Eq.35 in Ref.[18])
GIP (ω,QT ; r1, r2)
∣∣∣ω → ω0
QT → 0
=
π
κ0
{(
r1
r2
)κ0
+
(
r2
r1
)κ0
− 2 (Q2T r1 r2)κ0
}
(2)
where κ0 is the solution of the following equation
ω = 2 α¯S
(
ψ(1)−Reψ
(
1
2
− κ0
))
= ω0 + Dκ
2
0 + O
(
κ30
)
(3)
and it is equal to
κ0 =
√
(ω − ω0)
D
with ω0 = α¯s4 ln 2 and D = α¯s14ζ (3) (4)
From Eq. (2) one can see that in the kinematic region of small QT where |(ω − ω0) ln2
(
Q2T r1r2
) | ≫ 1
GIP (ω,QT ; r1, r2) → 1/
√
ω − ω0 while ion the region of |(ω − ω0) ln2
(
Q2T r1r2
) | ∼ 1 GIP is less singular
(GIP (ω,QT ; r1, r2) →
√
ω − ω0.
+ ++=
FIG. 2: The diagrams that describe the pion loop contribution to the BFKL Pomeron. The wavy line describe the BFKL
Pomeron, the dashed line stands for pion. The zigzag line denotes the resulting Pomeron.
The scattering amplitude is equal to
A (Y,QT ) =
∫
d2r′1
∫
d2r′2 |Ψ(r′1) |2 |Ψ(r′2) |2 ImGIP
(
Y, t = −Q2T ; r′1, r′2
)
(5)
where Ψ denotes the wave function of the scattering particle (dipole). For the scattering of two dipoles with the sizes
r1 and r2 |Ψdip (r′1) |2 takes the form |Ψdip (r′1) |2 = 2α¯sδ
(
~r − ~r ′
)
(see Fig. 3-a). For the scattering of pion Ψπ (r1) is
the non-perturbative wave function of the π-meson (see Fig. 3-b).
III. SUMMING PION LOOPS
A. General solution
The variables ω and QT are convenient to sum diagrams of Fig. 2 since both variables are preserve along the
diagrams of Fig. 2. Indeed, the summation of these diagrams can be done easily (see Fig. 4). The equation that sums
3= =
a) b)
FIG. 3: The graphic illustration of Eq. (5): for dipole-Pomeron vertex (Fig. 3-a ) and for the vertex of the interaction of the
BFKL Pomeron with a pion (Fig. 3-b).
the diagrams of Fig. 4-a can be written in the following analytical form:
GIP (ω,QT ;Rπ, Rπ) = GIP (ω,QT ;Rπ, Rπ) + GIP (ω,QT ;Rπ, Rπ) Σ (ω,QT )GIP (ω,QT ;Rπ, Rπ) (6)
where GIP denotes the resulting Green’s function of the Pomeron with the pion loops for r1 = r2 = Rπ where Rπ is
the size of the pion. In other words , it is typical size of the integral of Eq. (5) for pion scattering (see Fig. 3-b).
Solution to Eq. (6) takes the form
GIP (ω,QT ;Rπ, Rπ) =
1
G−1IP (ω,QT ;Rπ, Rπ) − Σ (ω,QT )
(7)
+ + + ...
P T
a)
b)
= +
T
T
FIG. 4: The diagrams of Fig. 2 in ω-representation (Fig. 4-a) and the graphic form of the equation that sums these diagrams
(Fig. 4-a)
We use the t-channel unitarity for GIP (ω,QT ;Rπ, Rπ) to calculate Σ, as it was suggested in Ref.[19]. The unitarity
constraints for GIP takes the form [20, 21] (t = −Q2T ):
− i{GIP (ω, t+ iǫ;Rπ, Rπ) − GIP (ω, t− iǫ;Rπ, Rπ)} = ρ (ω, t)GIP (ω, t+ iǫ;Rπ, Rπ) GIP (ω, t− iǫ;Rπ, Rπ) (8)
Eq. (8) is written for t > 4µ2 where µ is the mass of pion. We wish to sum only two pions contribution assuming
that all other can be included and have been taken into account in the BFKL Pomeron. Therefore, we believe that
Eq. (8) can be trusted for t < m2G where mG is the lightest glueball. ρ (ω, t) is equal to (t− 4µ2)
3
2
+ω/
√
t.
B. Σ
Plugging in Eq. (8) the solution of Eq. (7) one can see that we obtain the following equation for Σ:
ImtΣ (ω, t) =
1
2
ρ (ω, t)
(
ΓIPππ
)2 1
ω + 2
(9)
where vertex ΓIPππ describes the interaction of the BFKL Pomeron with π-meson (see Fig. 3-b) and takes the simple
form (see Eq. (5) and Fig. 3-b). Factor 1/(ω+2) arises in the angular momentum representation from the behaviour
of the scattering amplitude due to exchange of two pions as 1/s,
ΓIPππ =
8
9
α¯s
∫
d2r r |Ψπ (r) |2 = 8
9
α¯sRπ (10)
4Factor 8/9 includes the colour factor and sum of two diagrams in Fig. 3-b.
Experimentally < R2π >= 0.438± 0.008 fm2 [23] and this value we will bear in mind for the numerical estimates.
We use the dispersion relations to calculate Σ. Since we believe that non-perturbative corrections will not change
the intercept of the BFKL Pomeron (see Refs.[16, 17]) we write the dispersion relation with one subtraction. It takes
the form
Σ (ω, t) = t
1
π
∫
dt′ ImtΣ (ω, t′)
t′ (t′ − t) = t
3
2
1
ω + 2
(
ΓIPππ
)2
π
∫ m2G
4µ2
dt′ ρ (ω, t′)
t′ (t′ − t) = α¯
2
s
16
9
R2π
1
ω + 2
t
∫ m2G
4µ2
dt′ ρ (ω, t′)
t′ (t′ − t) (11)
Factor 3/2 stems from two states in t-channel: π+ π− and π0 π0.
The integral over t′ is divergent even after one subtraction. We evaluate this integral making the physical assumption
that ImtΣ (ω, t
′) is small for t′ > m2G since all singularities for larger t
′ has been taken into account in the BFKL
Pomeron contribution. The integral over t′ for ω ≪ 1 has been taken in Ref.[19]. For fixed ω
Σ (ω,QT ) = α¯
2
s
16
9
R2π
1
ω + 2
(−Q2T )
(
m2G
)5/2+ω
8µ2 ∗ (5 + 2ω) (4µ2 +Q2T )
F1
(
5
2
+ ω,
3
2
, 1,
7
2
+ ω,−m
2
G
4µ2
,− m
2
G
4µ2 +Q2T
)
(12)
where F1 is the Appell F1 function ( see Ref.[22] formulae 9.180 - 9.184).
The linear term in Q2T can be easily found since two arguments in F1 coincide and we can use the relation (see
Ref.[22] formula 9.182(11)) and reduce Eq. (12) to the form
Σ (ω,QT ) = α¯
2
s
16
9
R2π
1
ω + 2
(−Q2T )
(
m2G
)5/2+ω
8µ2 ∗ (5 + 2ω) (4µ2 +Q2T ) 2
F1
(
5
2
+ ω,
5
2
,
7
2
+ ω,−m
2
G
4µ2
)
(13)
For mg ≫ µ Eq. (13) takes the form
Σ (ω,QT ) = α¯
2
s
16
9
R2π
1
ω + 2
(−Q2T ) (14)
×
{
1√
π 3 (5 + 2ω)
41+ω
(
1
µ2
) 1
2
+ω
µ
(
2 + 3ω + ω3
)
Γ (−2− ω) Γ
(
7
2
+ ω
)
+
(
m2G
)ω
ω
4 + 2ω + 3ω2 + ω3
4(2 + ω)
}
= −Q2T α′eff (α¯s)
We evaluate α′eff (α¯s) using R
2
π = 0.436fm
2 and the value for m2G = 5GeV
2 that stems from lattice calculation of
the glueball masses [24] for the Pomeron trajectory. α′eff (α¯s) is shown in Fig. 5. In principle we can consider this
coefficient as the only non-perturbative input that we need, but it is pleasant to realize that simple estimates give a
sizable value.
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FIG. 5: Function α′eff (α¯s) of Eq. (14) versus α¯s, ω = ω0 = 4 ln 2α¯s.
C. Impact parameter dependence of the resulting Pomeron Green’s function
Plugging Σ from Eq. (14) into Eq. (7) we obtain that
GIP (ω,QT ;Rπ, Rπ) =
π
√
D√
ω − ω0 + α′effπ
√
DQ2T
(15)
5Calculating ImGIP
(
Y, t = −Q2T ; r1, r2
)
we substitute Eq. (15) into Eq. (1) and obtain the following equation
ImGIP (Y,QT ;Rπ, Rπ) = R
2
π
∫
C
dω
2πi
eω Y GIP (ω,QT ;Rπ, Rπ) =
∫
C
d δω
2πi
eω0 Y eδω Y
π
√
DR2π√
δω + α′effπ
√
DQ2T
(16)
where δω = ω − ω0.
0
FIG. 6: The contour of integration over ω in Eq. (16).
In the impact parameter representation Eq. (16) takes the form
ImGIP (Y, b;Rπ, Rπ) = 2π R
2
π
∫ ∞
0
QTdQTJ0 (QT b)
∫
C
d δω
2πi
eω0 Y eδω Y
π
√
D√
ω − ω0 + α′effπ
√
DQ2T
=
2πR2π
α′eff
∫
C
δω eω0 Y eδω Y K0
(√ √
δω
α′eff Dπ
b
)
(17)
K0 in Eq. (17) is modified Bessel function of the second kind (McDonald function) (see Ref.[22] formula 8.43). It
is needed in Eq. (17) to take integral over δω which is rather difficult to perform in a general form. However, as we
will show below, the extended information on physical observables can be extract from Eq. (17) and Eq. (16) using
different asymptotic expantions for which we will be able to take the integral over δω.
IV. PHYSICAL OBSERVABLES
A. The shrinkage of the diffraction peak.
The diffraction slope B is defined as
dσel
dQ2T
=
dσel
dQ2T
∣∣∣
QT=0
e−BQ
2
T (18)
where σel is the elastic cross section.
Since dσel/dQ
2
T ∝ |A|2 where A is the scattering amplitude, one can see that B = 2d lnA/dQ2T at QT = 0. Using
Eq. (16) we can calculate the slope: viz.
B = 2
dImGIP (Y,QT ;Rπ, Rπ)
/
dQ2T |QT=0
ImGIP (Y,QT ;Rπ, Rπ) |QT=0
= 2
α′eff
√
Dπ
∫
C
d δω
2πi e
ω0 Y eδω Y π
√
D√
ω−ω0∫
C
dδω
2πi e
ω0 Y eδω Y π
√
D
ω−ω0
= 2α′eff
√
D
√
Y ≡ 2α′eff
√
D
√
ln s (19)
Integrating over δω in Eq. (19) we close contour C as it is shown in Fig. 6.
B ∝
√
ln s is quite different from the Regge behaviour of B ∝ ln s but it has been expected [8]. The slope B is
related to average impact parameter in the interaction B = 12 〈b2〉 and its increase with energy occurs due to Gribov’s
diffusion in the transverse plane. At each emission the parton changes its position in b by ∆b ∝ 1/pT where pT is the
transverse momentum of the parton. In the BFKL Pomeron the average transverse momentum increases with energy
6faster than ln s . Therefore, ∆b → 0 and we do not see any dependence of 〈b2〉 with energy for the BFKL Pomeron.
Such a dependence is closely related to the confinement of parton in QCD. As it was argued in Ref.[8] if we assume
that all transverse momenta of partons due to confinement are larger than some dimensional parameter µ(pT ≥ µ),
in this case all parton with pT ∼ µ can have Gribov’s diffusion with 〈b2〉 ∝ 1µ2 ln s . However, to calculate the average
slope we need to multiply this 〈b2〉 by the probability to find a parton (P (pT = µ)) with pT ∼ µ which is ∝ 1/
√
ln s .
Finally B ∝ P (pT = µ) 1µ2 ln s ∝ 1µ2
√
ln s.
Therefore, our approach gives the possibility to incorporate these physical ideas and suggests the theoretical proce-
dure to introduce a new dimensional scale of the non-perturbative origin. It also allows to estimate the value of this
scale.
The typical values of Q2T for which we can trust Eq. (18) can be estimated from BQ
2
T ≤ 1 or Q2T ≤
1/
(
2α′eff
√
D
√
ln s
)
≪ 1/R2π. Such small values of QT justifies the use of Eq. (2) at small QT → 0.
B. Large impact parameter behaviour of the scattering amplitude
We can use the asymptotic behaviour of K0 at large b and reduce integral of Eq. (17) to the following expression
ImGIP (Y, b;Rπ, Rπ)
b2≫α′eff−−−−−−→ 2πR
2
π
α′eff
∫
C
δω eω0 Y eδω Y exp
(
−
√ √
δω
α′eff Dπ
b
)
(20)
The integral over δω can be taken using the steepest decent method. The equation for the saddle point in δω takes
the form
Y − 1
4
(
(δωSP )
− 3
4
√
1
α′eff Dπ
b
)
= 0; δωSP =

 b
4
√
α′eff Dπ Y


4
3
; (21)
Plugging Eq. (21) in Eq. (20) we obtain that
ImGIP (Y, b;Rπ, Rπ) ∝ eω0 Y exp

−3
(
b4
256α′2eff D
2 π2 Y
) 1
3

 (22)
From Eq. (22) we see that scattering amplitude falls down exponentially. As we will show below such behaviour
will restore the Froissart theorem and transforms the CGC/saturation approach into self-consistent effective theory
describing QCD at high energies.
C. Restoration of the Froissart theorem
The total cross section σtot in our approach is equal to
σtot,= 2
∫
d2b ImA (s, b) = 2
∫ b0
0
d2b ImA (s, b) + 2
∫ ∞
b0
d2b ImA (s, b) (23)
Following Ref.[4] we estimate the behaviour of the total cross section dividing the integration over the impact parameter
in two parts : b ≤ b0, where amplitude ImA (s, b) ≤ 1 due to s-channel unitarity ; and b ≥ b0 where ImA (s, b)≪ 1.
The value of b0 can be estimated from the condition that ImA (s, b) = f ≪ 1. In our approach this condition can
be re-written, using Eq. (22), as follow
ImA (s, b) ∝ ImGIP (Y, b;Rπ, Rπ)
b2≫α′eff−−−−−−→ eω0 Y exp

−3
(
b4
256α′2eff D
2 π2 Y
) 1
3

 = f (24)
Eq. (24) leads to
b0 =
4
3
ω
4/3
0
√
α′eff Dπ Y (25)
7Plugging this b0 into Eq. (23) we obtain
σtot ≤ 4πb20 + 4 π f
16Dπ
3
√
3
(
α′eff b0
)2/3 ∼ Y 2 = ln2 s (26)
Therefore, we see that the Froissart theorem is correct in our approach.
D. QT dependece of the scattering amplitude.
Integral over ω in Eq. (16) can be taken if we close contour C as it is shown in Fig. 6. Eq. (16) takes the form
ImGIP (Y,QT ;Rπ, Rπ) = R
2
π
∫
C
d δω
2πi
eω0 Y eδω Y
π
√
D√
δω + α′effπ
√
DQ2T
=
√
DR2π e
ω0 Y
∫ ∞
0
dte−t
2 Y t
2
t2 + Q¯4T(
t =
√
ω0 − ω, Q¯t =
√
α′effπ
√
D QT
)
=
1
2
√
DQ¯2T R
2
π e
ω0 Y
{
− ez2 + 1√
πz
+ ez
2
erf(z)
}
(27)
where z = Q¯2T
√
Y and erf(z) is the error function (see function Φ(z) in Ref.[22], formula 8.25).
Since
{
. . .
}
−→


z ≪ 1, πz − π
z ≫ 1,
√
π
2 z3
(28)
one can see that at small values of QT ImG behaves with the slope that has been calculated, and at large QT in
falls down as 1/
(
Q4T Y
3/2
)
.
E. Dependence on the sizes of interacting dipoles
We have discussed the Green’s function for the interaction of two dipoles with the same large sizes Rπ. Coming
back to Eq. (5) one can see that we need actually the Green’s function for different dipole sizes. Let us consider first
ImGIP
(
Y, t = −Q2T ; r, Rπ
)
. The typical processes which can be described by such Green’s function include inclusive
deep inelastic scattering as well as diffraction dissociation by the virtual photon. We need to replace one (say, the
upper in Fig. 2) BFKL Pomeron Green’s function by GIP (ω,QT ; r, Rπ) which is given by Eq. (2): viz.
GIP (ω,QT ; r, Rπ) =
π
κ0
{(
Rπ
r
)κ0
+
(
r
Rπ
)κ0
− 2 (Q2T r Rπ)κ0
}
(29)
As a result Eq. (16) should be replaced by the following equation
ImGIP (Y,QT ; r, Rπ) = r Rπ
√
D
∫
C
d δω
2πi
eω0 Y eδω Y
{(
Rpi
r
)√δω/D
+
(
r
Rpi
)√δω/D
− 2 (Q2T r Rπ)
√
δω/D
}
√
δω + α′effπ
√
DQ2T
(30)
Closing contour C in the integral over δω as it is shown inFig. 6 and using the same notations as in Eq. (27) we obtain
ImGIP (Y,QT ; r, Rπ) = 2 r Rπ
√
D eω0 Y
∫ ∞
0
dt e−t
2 Y (31)
×
{
t2
t2 + Q¯4T
(
cos
(
t√
D
ln
(
Rπ
r
))
− cos
(
t√
D
ln
(
Q2T r Rπ
))) − tQ¯2T
t2 + Q¯4T
sin
(
t√
D
ln
(
Q2T r Rπ
))}
81. QT = 0
At QT = 0 the integral over t in Eq. (31) can be taken and it leads to
ImGIP (Y,QT ; r, Rπ) = 2 rRπ
√
πD exp
(
ω0 Y − ln
2 (Rπ/r)
4DY
) (1 + erf (i ln(Rpi/r)
2
√
DY
))
2
√
Y
(32)
One can see that for small ln(Rpi/r)
2
√
DY
≪ 1 erf
(
i ln(Rpi/r)
2
√
DY
)
tends to zero and the integral in Eq. (31) can be calculaterd
using the steepest decent method with the saddle point in tSP = i
ln(Rpi/r)
2
√
DY
.
2. Q2T rRpi ≪ 1
In this kinematic region we can neglect the last term in Eq. (29). Taking the integral using the steepest decent
method we obtain
ImGIP (Y,QT ; r, Rπ) = 2 r Rπ
√
πD exp
(
ω0 Y − ln
2 (Rπ/r)
4DY
)
t2SP
t2SP + Q¯
4
T
= 2 r Rπ
√
πD exp
(
ω0 Y − ln
2 (Rπ/r)
4DY
)
1
1− Q¯4T 4DY/ ln2 (Rπ/r)
(33)
We can trust Eq. (33) for Q4T ≤ ln2 (Rπ/r) / (4DY ). This inequality specifies the kinematic region in which the
pion loops gives an essential contribution.
3. Q2T rRpi ≥ 1
In this kinematic region we need to use all three terms of Eq. (29). Using the steepest decent method we obtain
ImGIP (Y,QT ; r, Rπ) = 2 r Rπ
√
πD exp
(
ω0 Y − ln
2 (Rπ/r)
4DY
)
1
1− Q¯4T 4DY/ ln2 (Rπ/r)
+ 2 r Rπ
√
πD exp
(
ω0 Y −
ln2
(
Q2T r Rπ
)
4DY
)
Q¯2T
√
ln(Q2T r Rpi)
4DY
1− Q¯4T 4DY/ ln2 (Q2T r Rπ)
(34)
4. Impact parameter dependence
Using Eq. (30) we can find the Green’s function in b-representation using the general form of the BFKL Pomeron
given by Eq. (29). It takes the form
ImGIP (Y, b; r, Rπ) =
2πR2π
α′eff
∫
C
δω eω0 Y eδω Y




(
Rπ
r
)√δω/D
+
(
r
Rπ
)√δω/D
 K0
(√ √
δω
α′eff Dπ
b
)
− 2
(
r Rπ
√
δω
α′eff Dπ
)√δω/D
K√
δω/D
(√ √
δω
α′eff Dπ
b
) (35)
We can single out several kinematic regions where Eq. (35) takes different form:
1. b is small and Rπ ≫ 1. The main contribution stems from the saddle point
√
δωSP = − ln (Rπ/r) /
(
2
√
DY
)
. If r Rπ
√
δωSP ≪ 1 we can neglect the second term in Eq. (35) and the amplitude will be equal to Eq. (32)
which is multiplied by K0
(√ √
δωSP
α′
eff
Dπ b
)
. The second term in Eq. (35) can be neglected.
92. b is small and Rπ ≫ 1, but r Rπ
√
δωSP ≫ 1. The second term should be taken into account with the saddle
point in
√
δωSP = − ln (Rπ r) /
(
2
√
DY
)
.
3. b is large. The both terms can be calculated with the saddle point from Eq. (21) leading to the same behaviour
at large b which is given by the exponent in Eq. (22). The estimates for how large have to be b, come from the
condition δωSP of Eq. (21) is much larger than ln (Rπ/r) /
(
2
√
DY
)
.
We hope that we have demonstrated how the pion loops affect the scattering amplitude, leaving more elaborate
calculations to the reader.
F. b dependence for general case of two dipoles with different sizes
In this section we consider the large b behaviour of the Green’s function for the general case of two dipoles with
sizes r1 and r2. For such scattering the first diagram in Fig. 2 looks differently than all others and the sum of all
diagrams can be written as
G (ω,QT ; r1, r2) = (36)
GIP (ω,QT ; r1, r2) + GIP (ω,QT ; r1, Rπ)Σ (ω)G (ω,QT ;Rπ, Rπ)G
−1
IP (ω,QT ;Rπ, Rπ) GIP (ω,QT ; r2, Rπ)
As it has been discussed for large impact parameter behaviour we can restrict ourselves by the region of very small
QT and neglect the last term in the BFKL Pomeron Green’s function of Eq. (2).
Plugging in Eq. (36) Eq. (2) and Eq. (15) we can re-write Eq. (36) in the form
G (ω,QT ; r1, r2) = − π
√
D√
ω − ω0
{(
R2π
r1 r2
)√(ω−ω0)/D
+
(
R2π
r1 r2
)−√(ω−ω0)/D}
+
π
√
D√
ω − ω0 + α′effπ
√
DQ2T
{(
r1
r2
)√(ω−ω0)/D
+
(
r1
r2
)−√(ω−ω0)/D}
(37)
The last term leads to the exponential fall down at large b that has been discussed in section IV-B (see Eq. (24)
). The first term does not depend on QT and gives δ (b) for b dependence., and, therefore does not contribute in the
scattering amplitude at large b.
V. CONCLUSIONS
In this paper we proposed a solution to the longstanding problem of the CGC/saturation approach: the power-like
fall of the scattering amplitudes at large b. This decrease leads to the violation of the Froissart theorem and makes
the approach theoretically inconsistent. We showed in the paper that sum of the pion loops results in the exponential
fall of the scattering amplitude at large impact parameters and in the restoration of the Froissart theorem. Hence we
resolve the fundamental difficulty of the CGC/saturation approach.
Our solution is based on the assumption which we have to make in the absence of consistent approach to non-
perturbative QCD. We assume that the BFKL Pomeron which stems from perturbative QCD calculations, can be
used for the description of the long distance physics but the typical distances in this Pomeron is smaller that 1/mπ.
Making this assumption more specific we assume that the BFKL Pomeron, analytically continuated to the t-channel,
has all singularities in the t-channel at the values of t which are much larger than 4m2π. We see support of this
assumption in the lattice calculations which show that the Pomeron trajectory[24] has the lightest glueball on it with
m2G = 5GeV
2.
Our summation procedure preserves the spectrum of the BFKL Pomeron which depends on the short distances as
has been illustrated in the numerous model approaches in which a new dimensional scale have been introduced(see
Refs,[3, 7–17]).
We believe, that our solution will encourage experts to look for a new dimensional scale with more microscopic
origin than the pion exchange.
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